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(57) A vacuum processing system for handling 
and processing rectangular glass panels for flat 
panel displays has a cluster configuration. The 
system includes a central buffer chamber, with 
multiple processing chambers, a load lock and 
an unload lock positioned around the buffer 
chamber and coupled to the buffer chamber 
through gate valves. The buffer chamber con- 
tains a turntable that is rotatable about a verti- 
cal axis. The system further includes substrate 
carriers, each for supporting a substrate in a 
vertical orientation as it is transported through 
the system and is processed. The turntable has 
dual substrate canrier positions for rotating sub- 
strate carriers into alignment with a selected 
processing chamber, the toad lock or the un- 
load lock. Multiple substrates can be handled 
and processed concurrently to achieve a high 
throughput rate. The system is typically used for 
sputter deposition of ITO films and metal films 
on the glass substrate. 
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This invention relates to automated systems for 
processing flat panel displays and, more particularly, 
to methods and apparatus for handling and process- 
ing glass panels In vacuum with high throughput and 
minimum contamination. 

The fabrication of flat panel displays involves the 
deposition of various films, including indium tin oxide 
(ITO) and metals, on large glass panels. The glass 
panels, which are typically rectangular, may have di- 
mensions up to 450 mm by 550 mm or greater. ITO 
and metals can be deposited on the glass panels by 
sputtering from a target of the materia! to be deposit- 
ed. In some cases, such as ITO, the target material 
may react with a gas, such as oxygen, in the sputter- 
ing chamber. Sputtering typically involves heating of 
the substrate and deposition of the desired film on the 
heated substrate. The substrate may be preheated in 
a separate chamber prior to sputtering. 

Production systems for sputter deposition of 
films on glass panels should have automated sub- 
strate handling, a high throughput rate, minimum par- 
ticulate contamination, small floor space require- 
ments and high reliability. 

One existing system for sputter deposition on flat 
panel displays is the so-called "inline" system, where- 
in substrates are moved along a linear or U-shaped 
path through various processing chambers. One dis- 
advantage of such systems is that they require a large 
amount officer space in the fabrication facility. In ad- 
dition, such systems have limited flexibility in that 
only serial processes can be allowed; no parallel proc- 
essing can be done. 

Another existing system for sputter deposition of 
flat panel displays is the so-called "duster tool". In the 
cluster tool, multiple processing chambers are posi- 
tioned around a central chamber. The substrates are 
transferred from the central chamber into selected 
processing chambers. Existing systems have utilized 
a configuration where the substrate has a horizontal 
orientation and thus is subject to increased particu- 
late contamination. Existing systems have also had a 
limited throughput rate. 

All known systems for fabrication of flat panel dis- 
plays have had one or more disadvantages, including 
yield loss due to particulate contamination, low 
throughput rates, high downtime due to frequent 
cleaning and target changes, inability to handle large 
panels, poor process monitoring, large floor space re- 
quirements and large clean room requirements. 

Various aspects of the invention are set out in the 
independent claims. In one embodiment, a vacuum 
processing system comprises a load lock for loading 
substrates into the system, a plurality of processing 
chambers for processing the substrates, an unload 
lock for unloading the substrates from the system, 
and a central buffer chamber coupled to the load lock, 
to each of the processing chambers and to the unload 
lock through gate valves. The buffer chamber con- 



tains a turntable that is rotatable about a vertical axis. 
The system further comprises rotation means for ro- 
tating the turntat>le about the vertical axis, two or 
more substrate carriers, each for supporting a sub- 

5 strate in a vertical orientation as It is transported 
through the system and is processed, transport 
means for transporting the substrate carriers to and 
between the load lock and the turntable, to and be- 
tween the turntable and selected processing cham- 

10 bers, and to and between the turntable and the un- 
load lock. The system further comprises control 
means for controlling the rotation means and the 
transport means such that each of the substrate car- 
riers follows a selected path through the system. 

15 Preferably, the turntable includes first and sec- 

ond substrate carrier positions equally spaced from 
the vertical axis of rotation of the turntable by a dis- 
tance D. The transport means includes means for 
moving the substrate carriers between the load lock 

20 and the first and second substrate carrier positions 
on the turntable. The transport means further in- 
cludes means for moving the substrate carriers be- 
tween the first and second substrate carrier positions 
on the turntable and the processing chambers. Final- 

25 ly, the transport means includes means for moving 
the substrate carriers between the first and second 
substrate carrier positbns on the turntable and the 
unload lock. 

The load lock includes a door having means for 

30 holding a substrate. After the door is closed and the 
load lock has been evacuated, one of the substrate 
carriers is transported into the load lock, and the sub- 
strate is transferred from the holding means onto the 
substrate carrier. The unload lock includes a door 

35 having means for holding a substrate. The substrate 
and the substrate carrier are transported from the 
turntable into the unload lock, the substrate is trans- 
ferred from the substrate carrier to the holding 
means, and the substrate carrier is transported back 

40 to the buffer chamber before the unload lock is vent- 
ed. As a result, the substrate carrier is never exposed 
to atmosphere, and contaminatbn from deposits on 
the substrate carrier is thereby minimized. 

The load lock and the unload lock may each conv 

45 prise an enclosure defining a lock chamber, a carrier 
transport assembly for transporting a substrate car- 
rier to and between the lock chamber and the central 
buffer chamber, a door assembly including a door, a 
substrate support arm and a transfer mechanism for 

50 transferring a substrate to and between the support 
arm and the substrate carrier, and a linear drive 
mechanism for linearly moving the door assembly be- 
tween an open position for transfer of a substrate to 
or from the support arm and a closed position for 

55 transfer of the substrate to and between the support 
arm and the substrate carrier. 

Typically, the substrates are rectangular or 
square glass substrates. The substrate carriers hold 
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the substrate in a vertical orientation, with its edges 
at about 45° with respect to horizontal, as the sub- 
strate is transported through the system and is proc- 
essed. 

In a preferred embodiment, six processing chanv 5 
bers are located around the central buffer chamber, 
and six substrate carriers are used for transporting 
substrates through the system. The processing 
chambers may include three sputtering chambers 
and three preheating chambers. io 

According to another aspect of the invention, a 
method for handling substrates In a vacuum process- 
ing system Is provided. The vacuum processing sys- 
tem includes a central buffer chamber, a load lock, an 
unload lock, two or more processing chambers dis- is 
posed around the buffer chamber and coupled to the 
buffer chamber, and two or more substrate carriers 
for transporting substrates within the system. The 
method comprises the steps of loading a substrate 
into the load lock and evacuating the load lock, trans- 20 
ferring the substrate to one of the substrate canriers, 
transporting the substrate and the substrate carrier 
from the load lock onto a turntable in the buffer cham- 
ber, rotating the turntable about a vertical axis of ro- 
tation into alignment with a selected processing 25 
chamber, transporting the substrate and the sub- 
strate carrier from the turntable Into the selected 
processing chamber, processing the substrate in the 
selected processing chamber, transporting the sub- 
strate and the substrate carrier from the selected 30 
processing chamber onto the turntable, rotating the 
turntable into alignment with the unload lock, trans- 
porting the substrate and the substrate carrier from 
the turntable into the unload lock, and venting the un- 
load lock and removing the substrate from the unload 35 
lock. The preceding steps are repeated for two or 
more substrates in a time-multiplexed manner, such 
that two or more substrates are processed concur- 
rently by the system. 

In another aspect, the Invention provides a gate valve 40 
as set out in claim 29. This could be used in a system 
according to the other claims. 

Examples of the invention will now be described 
with reference to the accompanying drawings in 
which: 45 
FIG. 1 1s a layout diagram ofa vacuum processing 
system in accordance with the invention; 
FIG. 2 is a schematic, cross-sectional top view of 
the system of FIG. 1, showing substrate handling 
and processing; 50 
FIG. 3 is a schematic elevation view showing a 
substrate carrier and carrier transport assem- 
blies used in the vacuum processing system; 
FIG. 4 is a schematic, cross-sectional elevation 
view showing the buffer chamber and turntable 55 
used in the vacuum processing system; 
FIG. 5A is a cross-sectional view of the sputter 
source used in the vacuum processing system; 



FIG. 5B is an enlarged, partial, cross-sectional 
view of the sputter source; 
FIG. 6 shows the heater used in the preheating 
chambers and in the sputter deposition cham- 
bers; 

FIG. 7 shows an assembly used in the load lock 
and the unload lock for transferring substrates to 
and from substrate carriers; 
FIG. 8 is a schematic diagram that illustrates the 
motion of the unload lock door between open and 
closed positions; 

FIG. 9 is a schematic diagram that illustrates the 

lock doors In the open position; 

FIG. 1 0 is a top view of an alternate embodiment 

of the load lock and the unload lock; 

FIG. 11 is a cross-sectional view of the unload 

lock, taken along the line 11-11 of FIG. 10; 

FIG. 12 Is a schematic, cross-sectional view of 

the unload lock, taken along the line 12-12 of FIG. 

11; 

FIG. 13 Is a cross- sectional view of the door as- 
sembly, taken along the line 13-13 of FIG. 11; 
FIG. 14 is a front elevation of a vacuum gate valve 
suitable for use with the system of FIG. 1 ; 
FIG. 15 is a cross-sectional side view of the va- 
cuum gate valve of FIG. 14; and 
FIG 16 is an enlarged lateral cross-sectional view 
of the vacuum gate valve of FIG. 14. 
A layout diagram of a vacuum processing system 
in accordance with an embodiment of the present in- 
vention is shown In FIG. 1. A schematic, cross- 
sectional view of the system is shown In FIG. 2. Cab- 
inets for a system controller, power distribution and 
control equipment, control equipment for vacuum 
pumps, and the like, which form part of the system, 
are omitted from FIGS. 1 and 2 for ease of under- 
standing. The system is designed for handling and 
processing rectangular or square glass panels for flat 
panel displays. More particularly, the system is de- 
signed for sputter deposition of films on such glass 
panels. The system is designed primarily for sputter 
deposition of indium tin oxide (ITO) films and metal 
films, but is not limited to such films. 

The vacuum processing system of the present in- 
vention utilizes a cluster configuration, wherein vari- 
ous processing stations are clustered around a cen- 
tral buffer chamber. As shown in FIGS. 1 and 2, proc- 
essing stations 10, 12, 14, 16, 18 and 20 are posi- 
tioned around a central buffer chamber 24. The proc- 
essing chambers typically include heating chambers 
and sputter deposition chambers, and may include 
additional functions such as RF etch or RF bias. Sub- 
strates are loaded into the system through a load lock 
26 and are removed from the system through an un- 
load lock 28. Both the load lock 26 and the unload lock 
28 are coupled to the buffer chamber 24. Substrates 
are loaded by a robot 30 from a load cassette 32 into 
the load lock 26. The substrates are unloaded by ro- 
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bol 30 from the unload lock 28 to an unload cassette 
34. 

The substrates are maintained in a vertical orien- 
tation at all times during handling and processing in 
the system. As a result, particulate contamination is 
minimized. The substrates are handled and process- 
ed by the system in a time multiplexed manner so that 
multiple substrates can be processed concurrently. A 
throughput rate of over 100 substrates per hour can 
be achieved with ITO film thickness of 2500 ang- 
stroms. 

The load lock 26 and the unload lock 28 commu- 
nicate with the central buffer chamber 24 through 
gate valves 40 and 42, respectively. Similarly, proc- 
essing chambers 10, 12, 14. 16, 18 and 20 communi- 
cate with central buffer chamber 24 through gate 
valves 50, 52. 54. 56. 58 and 60, respectively. The 
load lock 26, the unload lock 28, each of the process- 
ing chambers and the central buffer chamber 24 are 
evacuated by separate vacuum pumping systems. In 
the example of FIG. 1 , the load lock 26 and the unload 
lock 28 are vacuum pumped by a roughing pump 43 
and cryopumps 44 and 45. Processing chjamber 10 is 
evacuated by cryopump 46. Each of processing 
chambers 12. 14, 16, 18 and 20 is evacuated by a tur- 
bopump 47 and a foreline pump 48. The buffer cham- 
ber 24 is evacuated by a cryopump 49. It will be un- 
derstood that different vacuum pumping configura- 
tions can be used within the scope of the present in- 
vention. For example, a turbopump or a cryopump 
can be used for vacuum pumping each of the process- 
ing chambers, depending on the requirements of a 
particular application. At any time during operation, 
only one of the gate valves is open, thus Insuring iso- 
lation between the processing chambers and the load 
and unload locks. 

Substrates are transported through the system 
on substrate carriers 64. Each substrate carrier 64 
supports a substrate 66 In a vertical orientation. The 
substrate carriers 64 are described In detail below. 
Substrate carriers 64 holding substrates 66 are trans- 
ported through the system by carrier transport as- 
semblies between the different chambers and a turn- 
table 70 mounted within buffer chamber 24 for rota- 
tion about a vertical axis 72. The turntable 70 includes 
substrate carrier positions 74 and 76 for retaining 
substrate carriers 64 during rotation of turntable 70. 
In FIG. 2, an empty substrate carrier 64 is present in 
position 76, and position 74 is empty. The substrate 
carrier positions 74 and 76 on turntable 70 are spaced 
from vertical axis 72 by equal distances D. The dis- 
tance D is selected to insure alignment of the suth 
strate carrier positions 74 and 76 with substrate proc- 
essing positions in processing chambers 10, 12, 14, 
16. 18 and 20 and with load and unload positions In 
load lock 26 and unload lock 28, respectively. This 
configuration permits the substrate carrier 64 to be 
transported along a straight line between substrate 



canrier position 76 and load lock 26 and between pos- 
ition 76 and processing chamber 14. Similarly, a sub- 
strate carrier 64 can be transported along a straight 
line between position 74 and turntable 70 and unload 

5 lock 28 and between position 74 and processing 
chamber 16. Rotation of the turntable 70 by 180^ 
causes positions 74 and 76 to be interchanged. Ro- 
tation of turntable 70 by 90'' in a clockwise direction 
from the orientation shown in FIG. 2 causes substrate 

10 canrier position 76 to be aligned with processing 
chambers 1 2 and 1 8, so that a substrate carrier 64 in 
position 76 can be transported to or from either of 
these processing chambers. Similarly, position 74 is 
aligned with processing chambers 10 and 20, and a 

15 substrate canrier 64 in position 74 can be transported 
to or from either of these processing chambers. Ro- 
tation of turntable 70 by 90° in a counterclockwise di- 
rection from the orientation shown In FIG. 2 causes 
positions 74 and 76 to be interchanged. 

20 The turntable an-angement shown in FIG. 2 per- 
mits a substrate and substrate carrier to be transport- 
ed from load lock 26 into one of the substrate carrier 
positions 74, 76 on turntable 70 and from there Into 
any selected processing chamber. After processing in 

25 the selected processing chamber, the substrate and 
substrate carrier can be transported Into a second 
processing chamber or into the unload lock 28. Thus, 
the system has complete flexibility and, as described 
below, can process several substrates concurrently 

30 for high throughput. 

In a first embodiment, the load lock 26 includes 
a door 80 having holders 82 for substrate 66. Similar- 
ly, the unload lock 28 includes a door 86 having hold- 
ers 88 for a substrate. The door 80 of load lock 26 is 

35 shown in FIG. 2 in an open position, and the door 86 
of unload lock 28 is shown in a closed position. In one 
example described below, the load lock 26 and the 
unload lock 28 include double pivoting mechanisms 
for moving the doors 80 and 86 between the open 

40 position where the substrate 66 is accessed through 
a clean room wall 90, and the closed position where 
the substrate is sealed wfthin the respective lock. It 
will be understood that other door arrangements can 
be utilized. 

45 A controller 92 controls the gate valves, the car- 
rier transport assemblies, the load and unload locks, 
the processing chambers the turntable and all other 
components of the system in accordance with the op- 
eration described herein. The controller 92 preferably 

50 includes a computer for storing operational sequenc- 
es, process information and the like, and for control- 
ling the above elements. 

The gate valves 40, 42, 50. 52, 54, 56, 58 and 60 
have elongated slits to permit passage of the sub- 

55 strate carrier 64 and the substrate 66. The gate 
valves should operate in about 0.5 to 0.7 seconds to 
achieve a high throughput rate. The gate valves are 
described below with reference to figures 14-16. 
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A typical sequence for handling and processing of 
a substrate Is now described. The substrate 66 is 
transferred by robot 30 from load cassette 32 to hold- 
ers 82 on the door 80 of load lock 26. Then the door 
80 is pivoted to the closed and sealed position and the 5 
load lock 26 is evacuated to a desired pressure level. 
When the desired pressure level is reached, the gate 
valve 40 is opened and a substrate carrier 64 is trans- 
ported from position 76 on turntable 70 into load lock 
26. The substrate 66 is transferred from holders 82 io 
onto carrier 64, and the carrier 64 is transported 
through gate vah/e 40 to turntable 70. Then, the gate 
valve 40 is closed, and the turntable 70 Is rotated so 
that the substrate and substrate carrier 64 in position 
76 are aligned with a selected processing chamber, is 
for example, processing chamber 12. Then, the gate 
valve 52 is opened, and the substrate and the sub- 
strate carrier 64 are transported from turntable 70 
into processing chamber 12. The gate valve 52 is 
closed, and the substrate is processed in processing 20 
chamber 12. The process in chamber 12 may Involve 
preheating of the substrate. Since the gate valve 52 
is closed, other substrates and substrate carriers can 
be moved while the substrate is being processed in 
processing chamber 12. When the process in cham- 25 
ber 12 is complete, the gate valve 52 Is opened and 
the substrate and substrate carrier 64 are transport- 
ed onto turntable 70. The turntable 70 is typically ro- 
tated into alignment with a second selected process- 
ing chamber, for example, processing chamber 14. 30 
The gate valve 54 is opened, and the substrate and 
substrate carrier 64 are transported from turntable 70 
into processing chamber 14. The gate valve 54 Is 
closed, and the substrate is processed in chamber 14. 
The process in chamber 14 may involve sputter de- 35 
position of an ITO film or a metal film. When the proc- 
ess in chamber 14 is complete, gate valve 54 Is 
opened and the substrate and substrate carrier 84 
are transported onto turntable 70. The gate valve 54 
is closed, and the turntable 70 is rotated into align- 40 
ment with unload lock 28. The gate valve 42 is 
opened, and the substrate and the substrate carrier 
64 are transported into the unload lock 28. The sub- 
strate is transferred from substrate carrier 64 to hold- 
ers 88, and the substrate carrier 64 is transported 45 
back to turntable 70. Then, gate valve 42 is closed; 
and the unload lock 28 is vented to atmosphere. Fi- 
nally, the door 86 is opened to a position equivalent 
to that shown for door 80, and the robot 30 transfers 
the substrate from holders 68 to unload cassette 34. 50 

The handling and processing of a single sub- 
strate is described above. In the embodiment of 
FIGS. 1 and 2, the system includes six processing 
chambers and six substrate carriers. The turntable 70 
has two substrate carrier positions 74 and 76. In one 55 
specific example, processing chambers 10 and 12 
are used for preheating of substrates, and chambers 
14, 16, 18 and 20 are used for sputter coating of sub- 



strates. Furthermore, the processing chamb rs 10, 
12. 14, 16, 18 and 20, the load lock 26 and the unload 
lock 28 are isolated from the buffer chamber 24 by 
gate valves. This configuration permits multiple sub- 
strates to be handled and processed concurrently in 
a time multiplexed manner, thus achieving a high 
throughput rate. For example, gate valve 54 is closed 
during the time that a substrate is being processed in 
processing chamber 14. During this time, additional 
substrates can be transferred from the load lock to 
another of the processing chambers, substrates can 
be transferred from one processing chamber to an- 
other processing chamber, and substrates can be 
transferred from a processing chamber to the unload 
lock. An example of a complete cycle of the process- 
ing system is shown in Table I below. In this example, 
four substrates are processed in a complete cycle. In 
Table I, each step represents movement of a sub- 
strate to or from a specified processing chamber, 
from the load lock, or to the unload lock. 

TABLE I 

Chamber 20 out 
To unload lock 28 
Chamber 12 out 
Chamber 20 in 
From load lock 26 
Chamber 12 in 
Chamber 18 out 
To unload lock 28 
Chamber 10 out 
Chamber 18 in 
From load lock 26 
Chamber 10 in 
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Chamber 16 out 
To unload lock 28 
Chamber 12 out 
Chamber 16 in 
From load lock 26 
Chamber 12 in 
Chamber 14 out 
To unload lock 28 
Chamber 10 out 
Chamber 14 in 
From load lock 26 
Chamber 10 in 

A schematic diagram of the substrate carrier 64 
and carrier transport assemblies for transporting sub- 
strate carrier 64 Is shown In FIG. 3. The carrier trans- 
port assemblies are also shown in FIG. 4. The sub- 
strate carrier 64 Is preferably a metal plate, such as 
stainless steel, having a lower edge 100 for resting on 
rollers In each carrier transport assembly and upper 
edges 102 and 104 for supporting substrate 66. In 
use, the metal plate of substrate carrier 64 and sub- 
strate 66 have a vertical orientation. The upper edges 
102 and 104 form a right angle and include V-shaped 
grooves for receiving the edges of substrate 66. In a 
preferred embodiment, the grooved upper edges 102 
and 104 of substrate carrier 64 are oriented at about 
45^ with respect to horizontal. Substrate 66 is sup- 
ported along two edges by substrate carrier 64. The 
substrate carrier 64 further includes U-shaped notch- 
es 106 that extend downwardly from edges 102 and 
104. The notches 106 are dimensioned to receive 
holders 82 on load lock door 80 and holders 88 on un- 
load lock door 86. The substrate 66 is lowered onto 
the substrate carrier 64 by holder 82 when the sub- 
strate is being Introduced into the system. Also, the 
substrate 66 is lifted from substrate carrier 64 by 
holders 88 after completion of processing. In a prefer- 
red embodiment, substrate cam'er64 is dimensioned 
to accommodate rectangular glass substrates up to 
450 mm x 550 mm, with a thickness of 1 .1 mm. How- 
ever, It will be understood that the substrate carrier 64 
can be designed to accommodate substrates of dif- 
ferent sizes and thicknesses. 

The substrate carrier 64. with or without sub- 
strate 66, is transported within the system shown in 
FIGS. 1 and 2 by a system of carrier transport assem- 
blies. Each of the processing chambers 10, 12, 14, 
16, 18 and 20. load lock 26 and unload lock 28 in- 
cludes a carrier transport assembly. In addition, car- 



rier transport assemblies are mounted on turntable 
70 for transporting substrate carriers to and from pos- 
itions 74 and 76. The carrier transport assemblies on 
turntable 70 rotate with the turntable so that they may 
5 be aligned with the carrier transport assembly in a se- 
lected processing chamber, the load lock or the un- 
load lock. 

In FIG. 3, a carrier transport assembly 110 may 
be located within buffer chamber 24 and a carrier 

10 transport assembly 112 may be located in load lock 
26, unload lock 28, or one of the processing chambers 
10, 12. 14, 16, 18 and 20. The carrier transport as- 
sembly 110 within buffer chamber 24 Is physically 
separate from the carrier transport assemblies in the 

15 processing chamber, the load lock and the unload 
lock, because these chambers are isolated from the 
buffer chamber by the respective gate valves, except 
when the substrate carrier 64 is being transported be- 
tween chambers. Furthermore, at least a portion of 

20 the carrier transport assembly 110 within buffer 
chamber 24 Is mounted on and rotates with turntable 
70 (FIG. 4) so that the substrate carrier 64 can be 
aligned with a selected processing chamber, with the 
load lock 26 or with the unload lock 28. 

25 Each of the carrier transport assemblies 110 and 

112 includes a plurality of rollers 116. The lower edge 
100 of substrate carrier 64 rests on the rollers 116. 
The rollers 116 of carrier transport assembly 112 are 
driven by a motor 120, and the rollers 116 of canrier 

30 transport assembly 110 are driven by a motor 122. 
The substrate carrier 64 can be transported in either 
direction by energizing the motors 120 and 122. The 
spacing between carrier transport assemblies 110 
and 112 is sufficiently small that the substrate carrier 

35 64 can be transported from one carrier transport as- 
sembly to the other with a smooth, uninterrupted 
movement Carrier transport assembly 1 1 0 further in- 
cludes upstanding parallel sidewalls 124 (only one of 
which appears in FIG. 3) on the front and back sides 

40 of substrate carrier 64. Guide wheels 1 28 mounted on 
parallel sidewalls 124 abut against the front and back 
sides of the substrate carrier 64. The guide wheels 
128 are driven by the motor 122. Thus, the guide 
wheels 128 maintain the substrate canrier 64 in a vert- 

45 ical orientation and assist in transporting the sub- 
strate canrier 64 through the system. Similarly, carrier 
transport assembly 112 includes upstanding side- 
walls 126 with driven guide wheels 128. 

Substrate carrier 64 and carrier transport assenv 

50 blies 110 and 1 1 2 maintain the substrate 66 in a vert- 
ical orientation during the entire time that the sub- 
strate is being handled and processed within the sys- 
tem. Thus, the possibility of particulate contamination 
is greatly reduced in comparison with systems where- 

55 in the substrate is maintained in a horizontal orienta- 
tion during handling and processing. In systems with 
horizontal substrate handling, particles can collect on 
the upper surface of the substrat , thereby contam- 
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inating the substrate. In addition, the substrate 66 Is 
held by its edges, thus minimizing the possibility of 
damage to the substrate surface during handling. Fi- 
nally, the substrate 66 is maintained above the carrier 
transport assemblies 110 and 112, thus minimizing 5 
the possibility that particles from moving parts of the 
carrier transport assembly will contaminate the sub- 
strate. 

During processing, the substrate 66 is held in a 
stationary position in one of the processing chambers io 
by the substrate carrier 64. In the sputtering cham- 
bers, a coating of the material deposited on substrate 
66 is also deposited on substrate carrier 64, at least 
in portions near upper edges 102 and 104. The coat- 
ing builds up over time as the substrate carrier 64 is is 
used to carry multiple substrates. If the substrate car- 
rier 64 were exposed to atmosphere each time a new 
substrate were loaded Into the system, the coating 
would absorb nitrogen, oxygen, water vapor and 
other gases. When the substrate carrier 64 was re- 20 
turned to the processing chamber with a new sub- 
strate, outgassing from the coating could potentially 
contaminate the processing chamber. In order to 
avoid this problem, substrate carrier 64 is never ex- 
posed to atmosphere during the use of the vacuuming 25 
processing system. In particular, the substrate carrier 
64 is located within buffer chamber 24 with gate valve 
40 closed when a substrate Is being loaded Into the 
load lock 26. The gate valve 40 is opened and the sub- 
strate carrier 64 is transported into the load lock to re- 30 
ceive the substrate only after the load lock 26 has 
been vacuum pumped. Similarly, the unload lock 28 
Is maintained at high vacuum when the substrate car- 
rier 64 is transferring the substrate to holders 88. The 
unload lock Is vented to atmosphere for removal of the 35 
substrate only after the substrate carrier 64 has been 
transported from unload lock 28 to turntable 70 and 
gate valve 42 has been closed. Thus, the substrate 
carriers 64 are not given an opportunity to absorb at- 
mospheric gases which could later outgas within the 40 
processing chambers. 

A schematic, cross-sectional, elevation view of 
the buffer chamber 24 and turntable 70 is shown in 
FIG. 4. Turntable 70 Is mounted within buffer chamber 
24 for rotation about the vertical axis 72. The turnta- 45 
ble 70 is rotated by a turntable motor 142 located ex- 
ternally of the vacuum envelope of buffer chamber 24 
and coupled to turntable 70 by a rotary vacuum feed- 
through 144, A carrier transport assembly 150 is lo- 
cated in substrate carrier position 74, and a carrier so 
transport assembly 152 is located in substrate carrier 
position 76 on turntable 70. Each of the carrier trans- 
port assemblies 150 and 152 includes driven rollers 
154 and driven guide wheels 156 which support sub- 
strate carrier 64 In a vertical orientation and transport ss 
the substrate carrier 64 in a desired direction, as de- 
scribed above in connection with FIG. 3. A motor 160 
located externally of the vacuum envelope of buffer 



chamber 24 is coupled through a rotary vacuum feed- 
through and a right angle drive assembly 162 to car- 
rier transport assembly 152. A motor 164 located ex- 
ternally of the vacuum envelope of buffer chamber 24 
is coupled through a rotary vacuum feedthrough and 
a right angle drive assembly 166 to carrier transport 
assembly 150. The carrier transport assemblies 150 
and 152 rotate with turntable 70 into alignment with 
a selected processing chamber, the load lock or the 
unload lock as described above. 

As shown in FIG. 2, the processing chambers 14, 
1 6, 1 8 and 20 include sputter sources 1 4A, 1 6A, 1 8A, 
and 20A, respectively. In each processing chamber, 
the substrate canrier and substrate are held In a sta- 
tionary position relative to the respective sputter 
source, and a film of the desired composition and 
thickness is deposited on the substrate. 

A cross-sectional view of a sputter source repre- 
sentative of each of the sputter sources 14A, 16A, 
1 8A, and 20A, is shown in FIG. 5A. The sputter source 
is designed to deposit a film that has a thickness uni- 
formity of ±3% over a rectangular glass panel of 450 
mm x 550 mm. The sputter source Is also designed 
to achieve a high collection efficiency, on the order of 
about 29%, which results in a high deposition rate. 
The source is designed for deposition of ITO films and 
metal films, but is not limited to these films. 

The sputter source includes three concentric tar- 
get rings, including an inner target ring 200, a middle 
target ring 202 and an outer target ring 204. The target 
rings 200, 202 and 204 are centered on an axis 206. 
The target rings are fabricated of a material lo be de- 
posited on a substrate 210 or a material that reacts 
with a gas in the sputtering chamber to form the ma- 
terial that is deposited on the substrate. Thus, for ex- 
ample, when ITO is being deposited on the substrate, 
the target rings 200, 202 and 204 comprise indium tin 
metal or indium:tln oxide, typically In the ratio of 90% 
Indium and 10% tin. In an example for sputter coating 
of rectangular glass panels of 450 mm x 550 mm. In- 
ner target ring 200 has a diameter of 195 mm and 
width of 50 mm, middle target ring 202 has a diameter 
of 431 mm and a width of 50 mm, and outer target ring 
204 has a diameter of 692 mm and a width of 50 mm. 

An electromagnet assembly 220 produces a 
magnetic field adjacent to Inner target ring 200. An en- 
larged cross-secttonal view of the inner target ring 
200 and electromagnet assembly 220 is shown in 
FIG. 5B. The electromagnet assembly 220 includes 
an electromagnet coil 222 having annular windings, 
and a pole assembly for concentrating the magnetic 
field generated by electromagnet coil 222 In the re- 
gion of inner target ring 200. The pole assembly in- 
cludes an annular rear pole piece 224, generally cyl- 
indrical pole pieces 226 and 228, and spaced-apart, 
annular pole pieces 230 and 232 directly behind tar- 
get ring 200 for shaping the magnetic field in the vi- 
cinity of the target ring. The el ctromagnet coil 222 is 
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connected by leads 234 to a power source (not 
shown). 

Electronnagnet assemblies 236 and 238 generate 
magnetic fields adjacent to middle target ring 202 and 
outer target ring 204, respectively. The electromagnet 
assemblies 236 and 238 are similar to the electro- 
magnet assembly 220 but have successively larger 
diameters corresponding to the diameters of the re- 
spective target rings. The electromagnet assemblies 
produce magnetic fields of about 300 gauss in the vi- 
cinity of the target rings. 

The sputter source further includes anodes 240, 
242 and 244 which have a circular configuration and 
are spaced from target rings 200, 202 and 204. A plas- 
ma power source (not shown) Is connected between 
each of the target rings and the respective anodes. 
The anodes are typically grounded, and the target 
rings are typically operated at about 500 yolts. 

Each of the target rings 200, 202 and 204 is water 
cooled. Referring to FIG. 5B. the pole pieces 226 and 
228 define enclosed passages 250 and 251 between 
electromagnet coil 222 and target ring 200. The pas- 
sages 250 and 251 are separated by an annular water 
channel ring 252. Cooling water is introduced into 
passage 250 through an inlet 254. A small gap exists 
between water channel ring 252 and target ring 200. 
The cooling water flows from passage 250 in a radial 
direction through the gap to passage 251, thus re- 
moving heat from the target ring 200. The water is ex- 
hausted from passage 251 through an outlet 256. 

The sputter source also includes reactive gas dif- 
f users for introducing a reactive gas between the tar- 
get rings and the substrate 210. A reactive gas diff us- 
er 260 is located at the center of the sputter source, 
and an annular reactive gas diffuser 262 is located 
between the middle target ring 202 and outer target 
ring 204. The reactive gas diffuser 260 Includes a 
cavity 263 for introduction of the reactive gas. The 
cavity 263 is covered by a plate having multiple holes 
264 for diffusion of the gas from the cavity into the re- 
gion between the sputter source and the substrate. 
The reactive gas diffuser 262 has a similar construc- 
tion. As an example, oxygen is introduced into the re- 
gion of the substrate during deposition of ITO. 

A substrate shield 266, positioned between the 
target rings 200. 202 and 204 and the substrate 210, 
limits deposition on the substrate carrier. For a rec- 
tangular substrate, the substrate shield 266 has a 
rectangular opening that corresponds in size to the 
substrate. 

The sputter deposition chamber is operated with 
argon at a pressure in the range of 1 millltorr to 20 mil- 
litorr. The crossed electric and magnetic fields at the 
surface of each of the target rings 200, 202 and 204 
cause ionization of argon atoms. The argon ions bom- 
bard the target rings and erode atoms of the target 
material from each of the target rings. The sputtered 
target material Is deposited as a film on the substrate 



surface. In the case of reactive sputtering, the sput- 
tered target atoms react with a gas either at the target 
surface or on the substrate to form the desired mol- 
ecule. In the sputtering source of FIGS. 5A and 5B, 

5 the electric and magnetic fields at each of the target 
rings 200, 202 and 204 are independently controlla- 
ble. The rate of sputtering from each of the target 
rings can be adjusted by adjusting the sputtering pow- 
er to the specific target ring to produce a uniform film 

10 thickness over the substrate area. 

The sputter source configuration shown in Figs. 
5Aand 5B and described above permits deposition of 
a film having a uniformity of about ±3% over the sur- 
face of a rectangular substrate having dimensions of 

15 450 mm x 550 mm. The substrate 2 1 0 is spaced f rom 
the target rings by about 100 mm in order to obtain a 
collection efficiency on the order of 29%. To achieve 
this uniformity and collection efficiency, the outside 
diameter of outer target ring 204 is preferably about 

20 equal to the diagonal dimension of the rectangular 
substrate. With this configuration, an ITO film having 
a thickness of 2,500 angstroms can be deposited in 
approximately 46 seconds using an indium:tin oxide 
target set at 12 kilowatts total power. 

25 A second embodiment of the sputter source (not 

shown) utilizes a rotating magnetron field behind a 
sputtering target The magnetron field is roughly car- 
dioid shaped, with geometry and magnetic fields se- 
lected to achieve uniform erosion of the sputtering 

30 target. A preferred target is 0.25 inch thick by 32.50 
inches in diameter. Sputter sources of this general 
type are disclosed in U.S. Patent Nos. 4,995,958, is- 
sued February 26, 1991 to Anderson et al, and 
5.252,1 94, issued October 12, 1 993 to Demaray et al. 

35 A simplified cross-sectional view of a heating 
chamber corresponding to processing chambers 10 
and 12 (FIG. 2) is shown in FIG. 6. Substrate carrier 
64 holding substrate 66 is located in processing 
chamber 10. The heater comprises an array of tubular 

40 tamps 300, which may be quartz lamps. The lamps 
300 are mounted parallel to each other in the array. 
The tamp array is sufficiently large to uniformly heat 
substrate 66. In the heating chambers 10 and 12, the 
lamps 300 Irradiate the substrate 66 directly. Typical- 

45 iy, a heater is also used In each sputter deposition 
chamber to sustain the temperature of the substrate 
during sputter deposition. In the sputtering cham- 
bers, the healer is mounted on the opposite side of 
the substrate from the sputter source and heats the 

50 back side of the substrate. In the sputtering chamber, 
a molybdenum (Mo) shield is used between the lamps 
300 and the substrate to shield the lamps from sput- 
ter deposition. The molybdenum shield is heated by 
the lamps, and the shield heats the back side of the 

55 substrate 66. The shield may also be made of copper 
or graphite to improve temperature uniformity. The 
glass substrate is typically heated to a temperature 
between 250**C and 450**C, depending on prior de- 
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position of temperature sensitive materials. 

Another option that can be employed in the dis- 
closed system is so-called RF etch or RF bias. RF 
etch involves the application of an RF field to the sub- 
strate in a separate RF etch chamber An RF voltage 5 
Is applied to a conductive plate that is approximately 
the same size as the substrate and Is closely spaced 
to the substrate. The RF field causes Ionization of ar- 
gon atoms within the chamber and bombardment of 
the substrate surface. In the case of RF bias, a con- io 
ductive plate is closely spaced to the back side of the 
substrate in a sputter deposition chamber An RF vol- 
tage applied to the conductive plate induces a DC 
bias on the substrate. The DC bias causes accelera- 
tion of ions being deposited on the substrate. is 

The operation of the load lock 26 and the unload 
lock 28 is illustrated with reference to FIGS. 7-9. Ini- 
tially, substrate 66 is placed on load lock door 80 and 
is supported by holders 82, as shown in FIG. 9. in a 
preferred embodiment, holders 82 comprise wheels 20 
having V-shaped grooves for receiving the edge of 
substrate 66. Referring now to FIG. 7, the transfer of 
the substrate 66 to the substrate carrier 64 is illustrat- 
ed. The holders 82 are extended outwardly away from 
the door (perpendicular to the plane of FIG. 7) until 25 
the substrate 66 is directly above substrate carrier 
64. Next, substrate carrier 64 is raised vertically so as 
to lift substrate 66 from holders 82. Then, holders 82 
are retracted to the door, and substrate carrier 64 is 
lowered to its original position on rollers 116 with sub- 30 
strate 66 supported by edges 102 and 104. Substrate 
carrier 64 and substrate 66 are then ready to be trans- 
ported into the vacuum processing system as descri- 
bed above. A similar mechanism is used in the unload 
lock 28 for transferring the substrate 66 from the sub- 35 
strate carrier 64 to holders 88 on door 86. 

An example of a door opening mechanism for the 
load lock 26 and the unload lock 28 is described with 
reference to FIGS. 8 and 9. The purpose of the door 
opening mechanism is to move from a dosed posi- 40 
tion, where the substrate is sealed within one of the 
locks, to an open position, where the substrate is pre- 
sented, for example, through a clean room wall for 
transfer to or from the system. In FIG. 8, unload lock 
door 86 is shown in intermediate positions between 45 
the closed and open positions. The door 86 is sup- 
ported by arms 370 and 372 which connect to the cen- 
ter of the top and the center of the bottom, respective- 
ly, of door 86. The arms 370 pivot about axis 374. As 
the arms 370 and 372 pivot about axis 374, the door 50 
86 is rotated about an axis 378 by 90^ thus resulting 
in the desired movement. It will be understood that 
other door opening arrangements may be used within 
the scope of the present invention. 

A preferred embodiment of the load lock and the 55 
unload lock for the vacuum processing system descri- 
bed above is shown in FIGS. 10-13. A load lock 400 
is connected through gate valve 40 to buffer chamber 



24 (FIGS. 1 and 2). An unload lock 402 is connected 
through gate valve 42 to buffer chamber 24. In the 
system described above, load lock 400 replaces load 
lock 26, and unload lock 402 replaces unload lock 28. 

Load lock 400 includes a vacuum-tight enclosure 
404, a door assembly 406 and a linear drive mecha- 
nism 407. Unload lock 402 includes a vacuum-tight 
enclosure 408, a door assembly 410 and a linear drive 
mechanism 411. In general, the unload lock 402 Is a 
minror image of the load lock 400. Thus, only unload 
lock 402 will be described in detail. 

The door assembly 410 of unload lock 402 In- 
cludes a door 416 for sealing an opening 418 In en- 
closure 408. The door assembly 410 further includes 
a substrate support arm 420 and a transfer mecha- 
nism 422 for controlling the substrate support arm 
420. The door assembly 410 Is movable between an 
open position shown in solid tines in FIG. 11 and a 
closed position shown in phantom In FIG. 11. Refer- 
ring to FIG. 10. the door assembly 406 is shown in the 
closed position, and the door assembly 410 is shown 
in the open position. The door assembly 410 is moved 
between the open and closed positions by the linear 
drive mechanism 411 . The door assembly 41 0 and the 
linear drive mechanism 411 are supported by a struc- 
tural member 430 attached to enclosure 408. The lin- 
ear drive mechanism 411 includes a linear drive motor 
432, a linear drive belt 434 and an idle roller 436. A 
carriage 438 is attached to the door assembly 410 
and to the drive belt 434, so that the door assembly 
is movable along guide rods 437 and 439 between the 
open and closed positions when linear drive motor 
432 is energized. 

The substrate support arm 420 includes perpen- 
dicular legs 442 and 444 on which are mounted three 
wheels 440 having V-shaped grooves for supporting 
substrate 66. The wheels 440 are positioned to orient 
substrate 66 with its sides at about 45^ with respect 
to horizontal. 

The unload lock 402 Is used for removing a sub- 
strate from the vacuum processing system. For re- 
moving a substrate from the system, the door assem- 
bly 410 is Initially in the closed position so that the en- 
closure 408 of unload lock 402 is sealed vacuum tight. 
The unload lock enclosure 408 is evacuated by a va- 
cuum pumping system, which may include roughing 
pump 43 and cryopumps 44 and 45 (FIG. 1), with gate 
valve 40 in the closed position. After evacuation of the 
unload lock enclosure 408, the gate valve 40 is 
opened, and a substrate carrier 446 is moved from 
buffer chamber 24 into the unload lock 402 by a car- 
rier transport assembly 450. As described previously 
in connection with FIG. 3, the carrier transport as- 
sembly 450 includes rollers 452 and guide wheels 454 
driven by a motor 456 for moving the substrate carrier 
446 along a horizontal path between the buffer cham- 
ber 24 and the unload lock 402. Asimilar carrier trans- 
port assembly is located within buffer chamber 24. 
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With door assembly 410 in the closed position 
and the unload lock enclosure 408 evacuated, the 
substrate 66 is transferred from the substrate carrier 
446 to the support arm 420 by the transfer mecha- 
nism 422, as described in detail below. The substrate 
66 is lifted from the substrate carrier 446 and is held 
by the support anm 420. Then, the substrate carrier 
446 is moved along a horizontal path back to the buf- 
fer chamber 24 by the carrier transport assembly 450, 
and the gate valve 40 Is closed. The unload lock en- 
closure 408 is then vented to atmosphere, and the 
door assembly 410 is moved to the open position by 
energizing linear drive motor 432. The substrate 66 is 
moved parallel to its plane by door assembly 410, 
thus permitting door416 and opening 418 to have rel- 
atively small dimensions and reducing air movement. 
When the door assembly 410 is in the open position, 
the substrate 66 is removed from support arm 420 by 
a robot. 

In a preferred embodiment, the substrate carrier 
446 comprises a metal plate in which three support V- 
wheels 451 and three constraint V-wheels 453 are 
mounted. Each of the V-wheels 451, 453 is mounted 
in the metal plate of substrate carrier 446 for rotation 
about an axis perpendicular to the plane of the metal 
plate and has a V-groove in its outer periphery for re- 
ceiving the substrate. The three support V-wheels 
451 support the substrate 66 In a vertical orientation 
with its sides at about 45** with respect to horizontal. 
The constraint V-wheels 453 are spaced from the 
substrate 66 in its nominal position by a small dis- 
tance, such as 0.005 Inch, and act as a constraint if 
the substrate warps by this amount. The configura- 
tion of the V-wheels 451 and 453 reduces the high 
friction that occurs at support points when the sub- 
strate expands during heating. The substrate carrier 
446 further includes openings 455 that receive 
wheels 440 on substrate support arm 420 during 
transfer of a substrate. 

The substrate 66 is transferred from the sub- 
strate carrier 446 to the support arm 420 by the trans- 
fer mechanism 422. In the load lock 400, the sub- 
strate 66 is transferred from the support arm to the 
substrate carrier in a similar, but reversed, operation. 
As best shown in FIGS. 11 and 13, the transfer mech- 
anism 422 Includes a cam action motor 460 mechan- 
ically coupled to a movable carriage 462. The sub- 
strate support arm 420 Is rigidly attached to the car- 
riage 462. The carriage 462 includes linear bearings 
464 that are movable along parallel, vertk:al shafts 
466 and 467. The upper and lower ends of shafts 466 
and 467 are mounted in connecting blocks 470. which 
Include linear bearings that are movable along paral- 
lel, horizontal shafts 472 and 473. The shafts472 and 
473 are mounted to stationary brackets 474 and 475, 
respectively. Thus, carriage 462 is movable, both 
vertically and horizontally, under control of motor 460. 

A crank arm 480 is attached to a shaft 482 of mo- 



tor 460 and to a cam follower 484 that is movabi in 
a horizontal slot 486 in carriage 462. Astationary cam 
follower 490 extends through a guide slot 492 in car- 
riage 462. The guide slot 492 establishes a path of 
5 movement of the carriage 462 and the substrate sup- 
port arm 420 when motor 460 rotates crank arm 480. 
Preferably, the guide slot 492 includes three seg- 
ments: a vertical center segment, an upper segment 
that extends away from the center segment at about 

10 45** and a lower segment that extends away from the 
center segment at about 45°. The guide slot 492 de- 
fines the movement of the substrate support arm 420 
in removing a substrate from the substrate carrier 
446 in unload lock 402 (and In transferring a substrate 

15 to carrier 446 in load lock 400). When the motor 460 
is energized, the crank arm 480 is rotated through 
180° and the carriage 462 is lifted from the position 
shown in solid lines in FIG. 13 to the position shown 
in phantom. The stationary cam follower 490 and the 

20 guide slot 492 cause the carriage 462 to follow a path 
494 between the lower and upper positions. As shown 
in FIG. 12. support arm 420 moves along the lower 
segment of path 494, causing wheels 440 to move to- 
ward substrate carrier 446 and under substrate 66. 

25 Then, support arm 420 moves along the vertical seg- 
ment of path 494, causing the substrate 66 to be lifted 
from substrate carrier 446. Finally, support arm 420 
moves along the upper segment of path 494, causing 
the substrate 66 to be moved away from the sut>- 

30 strate carrier 446. It will be understood that the move- 
ment of the support arm 420 is not limited to the path 
494 shown in FIGS. 12 and 13. 

When the substrate 66 is transferred to substrate 
carrier 446 In the load lock 400. the support arm 420 

35 follows path 494, but in the opposite direction. That is, 
the substrate 66 is moved over carrier 446 and then 
is lowered, so that the substrate 66 rests in the V- 
wheels 451 in carrier 446. Then, the support arm 420 
is moved away from the substrate carrier 446. 

40 As noted above, the load lock 400 and the unload 

lock 402 are mirror images and operate in the same 
manner. The embodiment of the load and unload 
locks shown in FIGS. 10-13 and described above has 
the advantages of a relatively small door, thus reduc- 

45 ing the risk of particulate contamination. In addition, 
a relatively small mass is moved during handling of 
substrates, and the associated air movement is rela- 
tively small. The system can be installed such that the 
load and unload locks are located within a clean room 

50 and the door assemblies 406 and 410 extend through 
clean room wall 90 for loading and unloading of sub- 
strates by a robot system. 

The vacuum processing system of the Invention 
has been described as having six processing chanv 

55 bers and six substrate caniers. It will be understood 
that different numbers of processing chambers can 
be included in the system, depending on the require- 
ments of a particular application. The processing 
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chambers can be configured to perform processes 
other than those described. Any required mix of dif- 
ferent processing chambers can be utilized. Further- 
more, different numbers of substrate carriers can be 
included in the system, depending on the throughput 
requirements and the number of processing cham- 
bers. In addition, any suitable mechanism can be util- 
ized for transporting substrates through the system in 
a vertical orientation. Finally, any suitable techniques 
can be utilized for loading substrates into the system 
and for unloading substrates from the system. 

A suitable vacuum gate valve for use in the above 
apparatus is shown in Figs 14-1 6. An opening through 
the gate valve is dimensioned to permit passage of a 
desired object. In the vacuum processing system de- 
scribed above, the gate valves must pass the sub- 
strate camer when it Is carrying a substrate. The sub- 
strate carrier 64 and the substrate have a long, nar- 
row profile when they are transported in a direction 
parallel to the plane of the substrate carrier. The gate 
valves should operate rapidly, preferably in about 0.5 
to 0.7 seconds, in order for the system to achieve a 
high throughput rate, in addition, the gate valves 
should have high reliability, since failure of a gate 
valve is likely to result in system downtime. The gate 
valves should also be simple in construction and low 
in cost. 

Refenring now to FIGS. 14-16, the vacuum gate 
valve include a valve body 500. An opening 502 ex- 
tends through the valve body 500. In the present ex- 
ample, the opening 502 is an elongated, narrow slit. 
In one example of the vacuum gate valve, the opening 
502 has a length of about 90cm and a width of about 
1.3 cm. The gate valve construction shown and de- 
scribed herein is most practical when the opening 502 
is an elongated slit having a length to width ratio of 1 0 
or greater. The valve body 500 Is fabricated of a metal, 
such as an aluminum alloy, and includes grooves 504 
and 506 for elastomer sealing rings, which permit the 
gate valve to be installed in a vacuunrvtight manner. 
The valve body 500 is installed with a low pressure, 
or vacuum, side 510 facing the vacuum chamber and 
a high pressure, or atmospheric, side 512 facing a 
higher pressure chamber or atmospheric pressure. 

A valve seat 520 is affixed to the valve body 500. 
The valve seat 520 is located in an eloi^yated channel 
522 in valve body 100. An opening 524 through valve 
seat 520 is aligned with opening 502 through valve 
body 500. The valve seat 520 includes a ridge 126 
that completely surrounds the opening 524. As descri- 
bed below, a seal gasket bears against the ridge 526 
and forms a seal when the gate valve is closed. In th 
embodim nt of FIG. 16, the valv seat 520 Is remov- 
ably mounted to valve body 500. This permits the 
valve seat to be replaced, without removing th gate 
valve from the system. Alternatively the valve seat 
520 can be fabricated as an integral part of the valve 
body 500. 



The gate valve further includes a swing gate as- 
sembly 530 that is movable between a closed position 
shown in solid lines in FIG. 5, and an open position 
shown in phantom in FIG. 5. The swing gate assembly 
5 530 is mounted in an elongated channel 538 in valve 
body 500. The swing gate assembly 530 includes a 
swing gate body 532 that is rotatably attached to 
valve body 500 at its upper and lower ends by pivot 
pins 534 and 536, respectively. The swing gate as- 
10 sembly 530 is rotatable about a pivot axis 540 be- 
tween the open and closed positions. The pivot pin 
534 is connected through a rotary vacuum feed- 
through 542 to an actuator 544. The actuator 544 Is 
required to rotate the swing gate assembly 530 
IS through about 90 degrees between the open and 
closed positions. As described below, an actuator, 
with relatively low force can be utilized. In a prefen-ed 
embodiment, the actuator 144 comprises a rotary ac- 
tion type R11 A manufactured by PHD Inc. However, 

20 any actuator having the required force and speed can 
be utilized. The actuator 544 opens and closes the 
gate valve in response to a control signal from the 
controller 92. The swing gate assembly 530 further in- 
cludes a seal gasket 550 in the form of a resilient 

25 sheet that bears against ridge 526 of valve seat 520 
and fonms a seal when the gate valve is dosed. A 
spreader 552 applies tension to the seal gasket 550 
and flattens it, at least In the region where the seal 
gasket 550 contacts the ridge 526 of valve seat 520. 

30 Preferably, the spreader 552 can be adjusted to vary 
the tension that is applied to the seal gasket 550. 

In a preferred embodiment illustrated in Fig 16, 
the seal gasket 550 is in the form of an elongated tube 
and the spreader 552 is positioned within the tubular 

35 seal gasket 550. Both the tubular seal gasket 550 and 
the spreader 552 extend the entire length of opening 
502 The tubular seal gasket configuration avoids any 
difficulties in securing the seal gasket to the sides of 
the spreader. The spreader 552 is preferably a chan- 

40 nel having an approximately U-shaped or V-shaped 
cross section. The channel has outwardly-flared, op- 
posed sides 554 and 556. The channel is preferably 
fabricated of sheet metal to provide rigidity and yet be 
deformable upon application of sufficient force. The 

45 spreader 552 and the tubular seal gasket 550 are lo- 
cated in an elongated channel 560 in swing gate body 
532 and are retained in channel 560 by inwardly ex- 
tending lips 562 and 564 at the open side of channel 
560. 

50 Preferably, the tension applied to seal gasket 550 
is adjustable. In the embodiment of FIG. 16, the ten- 
sion is adjusted by deforming the spreader 552 The 
spreader 552 Is deformed by adjustment screws 570. 
Adjustment screws 570 are threaded through the 

55 swing gate body 532 and contact the back of spreader 
552. By advancing the adjustment screws 570 toward 
the valve seat 520, the sides 554 and 556 of the 
spreader 552 are flared outwardly to a greater de- 
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gree, thereby increasing the tension applied to the 
seal gasket 150. Conversely, the applied tension is 
decreased by retracting the adjustment screws 570 in 
a direction away from vahre seat 520. The seal gasket 
550 must be tensloned sufficiently to ensure that it is 
flat and is securely in contact with the ridge 526 of 
valve seat 520 around the entire periphery of opening 
1 02 when the gate valve is closed. Preferably, several 
adjustment screws 570 are spaced along the length 
of the spreader 552 to ensure that an approximately 
uniform tension is applied to the seal gasket 550 over 
its area. 

It will be understood that the spreader can have 
a variety of configurations or that the spreader may 
be omitted from the gate valve, provided that the seal 
gasket 550 Is mounted to the swing gate body 532 so 
as to securely contact the valve seat 520 around the 
periphery of opening 502 when the gate valve is in the 
closed position. For example, the spreader may be in 
the form of a channel having a continuously curved 
crosis section. Furthermore, the spreader 552 may be 
adjusted by any suitable adjustment mechanism. The 
material of the seal gasket 550 must have a good 
quality surface finish, have elasticity and be free of 
pinholes, in addition, the material should be of rela- 
tively low durometer, preferably 75 or lower. In a pre- 
ferred embodiment, the seal gasket 550 is fabricated 
of Vlton (Registered Trade Mark), a f luoroelastomer 
based on the copolymer of vinylidenefluoride and 
hexafluoropropylene. A preferred thickness is In a 
range of 0.050 crp to 0.180 cm. 

The upper edge of ridge 526 that contacts the 
seal gasket 550 should be sharp to obtain sufficient 
seal force, but not so sharp as to cut the seal gasket 
Preferably the upper edge of ridge 526 is fabricated 
with a radius of about 0.12 to 0.25 mm. It will be un- 
derstood that the valve seat 520 can have any con- 
figuration which provides a reliable, vacuum-tight 
seal to seal gasket 550. 

As noted above, the gate valve Is mounted with 
the vacuum side 510 facing the low pressure vacuum 
chamber. For example, with reference to Fig. 2, the 
gate valve 40 is mounted with vacuum side 510 facing 
buffer chamber 24. When the load lock 26 Is opened 
to atmosphere, atmospheric pressure forces seal 
gasket 550 into a higher pressure contact with ridge 
526 of valve seat 520, thus producing a secure va- 
cuum seal. Since atmospheric pressure (or other 
pressure that is high relative to the vacuum side of the 
gate valve) assists in nnaintaining the vacuum seal, a 
low mechanical force is required for operation of the 
gate valve and for maintaining the seal in the closed 
position. This is particularly true where the actuator 
544 for the gate valve is located at one end of a long 
slit. In valves wherein the seal force Is not increased 
by atmospheric pressure, it is difficult to ensure a uni- 
form sealing force along the length of the gate valve, 
except by using a bulky valve structure and a larger 



and more expensive actuator. However, In the pres- 
ent gate valve, a differential pressure between high 
pressure side 512 and vacuum side 51 0 of valve body 
500 increases the seal pressure and assists in maln- 

5 talning the vacuum seal. In a situation where the gate 
valve Is used to Isolate two vacuum chambers, both 
having relatively low pressures, such as to isolate the 
buffer chamber 24 and one of the processing chanv 
bers, atmospheric pressure does not assist In main- 

10 taining the vacuum seal. However, in this situation, 
any leak is relatively insignificant unless it has a large 
area. 

The vacuum gate valve shown in FIGS 14-16 and 
described above has an actuation time of about 0.5- 
15 0.7 seconds. The gate valve seals reliably, with a rel- 
atively low mechanical force, and has a long operat- 
ing life. 



20 Claims 

1. A vacuum processing system comprising: 

a load lock for loading substrates Into the 
system; 

25 a plurality of processing chambers for 

processing said substrates; 

an unload lock for unloading said sub- 
strates from the system; 

a central buffer chamber coupled to said 
30 load lock, to each of said processing chambers 

and to said unload lock through gate valves, said 
buffer chamber containing a turntable that is ro- 
tatable about a vertical axis; 

means for vacuum pumping said load lock, 
35 said processing chambers, said unload lock and 

said central buffer chamber; 

rotation means for rotating said turntable 
about said vertical axis; 

two or more substrate carriers, each of 
40 which supports a substrate in a vertical orienta- 

tion as it is transported within the system and 
each of which supports the suttstrate in a vertical 
orientation within a selected one of said process- 
ing chambers independently of said turntable 
45 and said buffer chamber as the substrate is proc- 
essed; 

transport means for transporting said sub- 
strate carriers horizontally to and between said 
load lock and said turntable, to and between said 

50 turntable and said selected one of said process- 
ing chambers, and to and between said turntable 
and said unload lock; and 

control means for controlling said rotation 
means and said transport means such that each 

55 of said substrate carriers follows a selected path 

through said system, whereby two or more sub- 
strates can be transported through the system 
and processed concun-ently and Independently. 
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A vacuum processing system as defined in claim 
1 wherein said turntable includes first and sec- 
ond substrate carrier positions, each spaced 
from the vertical axis of said turntable by a dis- 
tance D and wherein said transport means in- 5 
dudes means for moving said substrate carriers 
between said load lock and said substrate carrier 
positions on said turntable. 



A vacuum processing system as defined In claim 
2 wherein said transport means further includes 
means for moving said substrate carriers be- 
tween said first and second substrate canrier pos- 
itions on said turntable, and said processing 
chambers. 
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4. A vacuum processing system as defined in claim 

3 wherein said transport means further includes 
means for moving said substrate carriers be- 
tween said first and second substrate canrier pos- 20 
itions on said turntable, and said unload lock. 

5. A vacuum processing system as defined in claim 

4 wherein said processing chambers are grouped 

in pairs around said buffer chamber and wherein 2S 
each of said processing chambers has a sub- 
strate processing position that falls on a straight 
line spaced from the vertical axis of rotation of 
said turntable by said distance D. 

30 

6. A vacuum processing system as defined in claim 
1 wherein said load lock includes a door having 
a substrate holder and wherein said load lock fur- 
ther includes means for transferring said sub- 
strate from said substrate holder to one of said 35 
substrate carriers after said door has been 
closed and said load lock has been evacuated, 
such that said substrate earners remain at high 
vacuum at all times during operation of the sys- 
tem. ^ 

7. A vacuum processing system as defined in claim 
6 wherein said control means includes means for 
enabling said transport means to transport said 

one of said substrate canriers into said load lock 45 
for receiving said substrate only when said load 
lock is evacuated. 

8. A vacuum processing system as defined in claim 

1 wherein said unload lock includes a door having 50 
a substrate holder and wherein said unload lock 
further includes means for transferring said sub- 
strate from one of said substrate carriers to said 
substrate holder before said unload lock Is vent- 
ed, such that said substrate canriers remain at 55 
high vacuum at all times during operation of the 
system. 
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9. A vacuum processing system as defined in claim 
8 wherein said control means includes means for 
enabling said transport means to transport said 
one of said substrate carriers from said unload 
lock to said buffer chamber before said unload 
lock Is vented for removal of said substrate. 

10. A vacuum processing system as defined in claim 
1 wherein each of said substrate earners includes 
means for holding a rectangular glass substrate 
in a vertical orientation with Its edges at about 45"* 
with respect to horizontal. 

11. A vacuum processing system as defined in claim 

I wherein six of said processing chambers are 
disposed around said buffer chamber and where- 
in six of said substrate carriers are used for trans- 
porting substrates within said system. 

12. A vacuum processing system as defined in claim 

II wherein said processing chambers Include 
one or more sputtering chambers and one or 
more preheating chambers. 

13. A vacuum processing system as defined in claim 
1 wherein said transport means, includes a plur- 
ality of rollers and means for rotating said rollers. 

14. A vacuum processing system as defined in claim 
13 wherein said rollers are located below said 
substrate to inhibit particulate contamination of 
said substrate. 

15. A vacuum processing system as defined in claim 
1 wherein said turntable includes first and sec- 
ond substrate carrier positions equally spaced 
from the vertical axis of rotation of said turntable 
by a distance D. 

16. A vacuum processing system as defined in claim 
15 wherein each of said processing chambers 
has a substrate processing position located 
along a straight tine spaced from the vertical axis 
of rotation of said turntable by said distance D, 
such that said substrate carriers can be moved 
along said straight line between the first and sec- 
ond substrate carrier positions on said turntable 
and said substrate processing position. 

17. A vacuum processing system as defined in claim 
1 wherein each of said substrate carriers conv 
prises a plate having first and second upper 
edges which intersect at a right angle, said first 
and second upper edges each having a groove 
for receiving said substrate. 

18. A vacuum processing system as defined in claim 
17 wherein said transport means comprises a 
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plurality of rollers on which said plate rests and 
means for rotating said rollers to transport said 
plate. 

19. A vacuum processing system as defined In claim 
18 wherein said transport means further Includes 
guide wheels that abut against sides of said plate 
and maintain said plate in a vertical orientation as 
it is transported through said system. 

20. A vacuum processing system as defined in claim 
1 wherein said load lock and said unload lock 
each comprise: 

an enclosure defining a lock chamber; 

a carrier transport assembly for transport- 
ing a substrate carrier to and between said lock 
chamber and said central buffer chamber 

a door assembly including a door, a sut}- 
strate support arm and a transfer mechanism for 
transferring a substrate to and between said sup- 
port arm and said substrate carrier; and 

a linear drive mechanism for linearly mov- 
ing said door assembly between an open position 
for transfer of a substrate to or from said support 
arm and a closed position for transfer of said sub- 
strate to and between said support arm and said 
substrate carrier. 

21. A vacuum processing system as defined in claim 

20 wherein said transfer mechanism comprises a 
movable carriage having said substrate support 
arm rigidly attached thereto, a drive motor and a 
cam linkage coupled between said drive motor 
and said movable carriage for moving said car- 
riage and said substrate support arm along a pre- 
scribed path. 

22. A vacuum processing system as defined in claim 

21 wherein said prescribed path includes a first 
segment wherein said support arm moves toward 
said substrate carrier, a second segment wherein 
said support arm moves vertically for raising or 
lowering said substrate and a third segment for 
moving said support arm away from said sub- 
strate carrier. 

23. A method for handling substrates In a vacuum 
processing system comprising: 

a) providing a vacuum processing system in- 
cluding a central buffer chamber, a load lock, 
an unload lock, two or more processing chanv 
bers disposed around said buffer chamber 
and coupled to said buffer chamber, and two 
or more substrate canrlers for transporting 
substrates within said system, each of said 
substrate carriers supporting a substrate in a 
vertical orientation as it is transported within 
the system; 



b) loading a substrate into the load lock and 
evacuating the load lock; 

c) transferring the substrate to one of said 
substrate earners; 

5 d) transporting the substrate and the sub- 

strate carrier from the load lock onto a turn- 
table in the buffer chamber; 

e) rotating the turntable about a vertical axis 
of rotation into alignment with a selected proc- 

10 essing chamber of said processing chambers; 

f) transporting the substrate and the sub- 
strate carrier horizontally from the turntable 
into said selected processing chamber; 

g) processing the substrate in said selected 
15 processing chamber with the substrate carrier 

supporting the substrate in a vertical orienta- 
tion within the processing chamber indepen- 
dently of the turntable and the buffer chan>- 
ben 

20 h) transporting the substrate and the sub- 

strate carrier horizontally from said selected 
processing chamber onto the turntable; 
i) rotating the turntable into alignment with the 
unload lock; 

25 j) transporting the substrate and the substrate 

carrier from the turntable into the unload lock; 
k) transfem'ng the substrate from the sub- 
strate carrier to the unload lock; 
I) transporting the substrate carrier from the 

30 unload lock onto the turntable in the central 

buffer chamber; 

m) venting the unload lock and removing the 
substrate from the unload lock; and 
n) repeating steps b) through m) for two or 
35 more substrates in a time-multiplexed man- 

ner such that the two more substrates are 
processed concurrently by said system. 

24. A method for handling substrates as defined in 
40 claim 23 further including repeating steps e) 

through h) for two or more processing chambers. 

25. A method for handling substrates as defined in 
claim 24 further including the step of providing 

45 first and second substrate carrier positions on 

said turntable, said first and second substrate 
carrier positions being equally spaced from the 
vertical axis of rotation of said turntable by a dis- 
tance D. 

50 

26. A lock for transferring a substrate to or from a va- 
cuum processing chamber, comprising; 

a lock enclosure defining a lock chamber, 
said enclosure having a sealable opening that 
55 connects said lock chamber to said vacuum proc- 

essing chamber, 

a carrier transport assembly for transport- 
ing a substrate carrier to and between said lock 
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chamber and said vacuum processing chamber, 
said substrate carrier supporting a substrate in a 
vertical orientation; 

a door assembly including a door, a sub- 
strate support arm and a transfer mechanism for 5 
transferring the substrate to and between said 
support arm and said substrate carrier; 

a linear drive mechanism for linearly mov- 
ing said door assembly between an open position 
for transfer of said substrate to or from said sup- io 
port arm and a dosed position for transfer of said 
substrate to and between said support arm and 
said substrate carrier; and 

means for vacuum pumping said lock 
chamber when said door assembly is in the i5 
closed position. 

27. A lock as defined in claim 26 wherein said trans- 
fer mechanism comprises a movable carriage 
having said substrate support arm rigidly attach- 20 
ed thereto, a drive motor and a cam linkage cou- 
pled between said drive motor and said movable 
carriage for moving said canriage and said sub- 
strate support arm along a prescribed path. 

25 

28. A lock as defined in claim 27 wherein said prescri- 
bed path includes a first segment wherein said 
support arm moves toward said substrate carrier, 
a second segment wherein said support arm 
moves vertically for raising or lowering said sub- 30 
strate and a third segment for moving said sup- 
port anm away from said substrate carrier. 

29. A vacuum gate valve comprising: 

a valve body having an opening there- 35 
through and a valve seat surrounding the open- 
ing: 

a swing gate assembly rotatable about a 
pivot axis between an open position wherein said 
opening is unobstructed and a closed position 40 
wherein said opening is sealed, said swing gate 
assembly comprising a swing gate body and a 
seal gasket, said seal gasket comprising a resil- 
ient sheet mounted to said swing gate body so as 
to sealingly engage said valve seat in the closed 45 
position, said seal gasket being pressed Into en- 
gagement with said valve seat in the dosed pos- 
ition by a differential pressure between opposite 
sides of said valve body, said swing gate assem- 
bly including a spreader for applying tension to so 
said seal gasket and flattening said seal gasket 
at least in a region that engages said valve seat; 
and 

means for rotating said swing gate assem- 
bly about said pivot axis between said open pos- 55 
ition and said dosed position. 
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